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(54) Base station system suitable for microcells 

(57) A base station (30) is configured including an 
internal bus (38) to connect a terminal section (32), 
transceivers (34) that perform control and management 
of information to be transmitted or received and carries 
out radio communication at a predetermined radio fre- 
quency and on a predetermined communication 
method, and a controller connecting section (36) that 
executes communication with a base station controller 
(20). The transceivers (34) each comprise a transmit- 
ter/receiver section (42) that transmits and receives 
radio waves at a predetermined radio frequency and 
using a predetermined communication method, and a 
logical control unit (48) that performs control of the 
transmitter/receiver section (42) and interference detec- 
tion. The base station (30) further comprises a high-fre- 
quency section (54) that carries out radio 
communication with mobile stations, and a base station 
main control unit (56) that collectively controls process- 
ing to be conducted in the base station (30), thereby col- 
lectively executing the processing involved in a radio 
communication with the mobile stations. The base sta- 
tion controller (20) on the other hand collectively per- 
forms line communication processing. By distributing 



necessary functions in this manner, the number of times 
communication between the base station (30) and the 
base station controller (20) is carried out is minimized. 
Thus, a base station system suitable for microcells is 
provided. 
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(54) Base station system suitable for microcells 

(57) A base station (30) is configured including an 
internal bus (38) to connect a terminal section (32), 
transceivers (34) that perform control and management 
of information to be transmitted or received and carries 
out radio communication at a predetermined radio fre- 
quency and on a predetermined communication 
method, and a controller connecting section (36) that 
executes communication with a base station controller 
(20). The transceivers (34) each comprise a transmit- 
ter/receiver section (42) that transmits and receives 
radio waves at a predetermined radio frequency and 
using a predetermined communication method, and a 
logical control unit (48) that performs control of the 
transmitter/receiver section (42) and interference detec- 
tion. The base station (30) further comprises a high-fre- 
quency section (54) that carries out radio 
communication with mobile stations, and a base station 
main control unit (56) that collectively controls process- 
ing to be conducted in the base station (30). thereby col- 
lectively executing the processing involved in a radio 
communication with the mobile stations. The base sta- 
tion controller (20) on the other hand collectively per- 
forms line communication processing. By distributing 
necessary functions in this manner, the number of times 
communication between the base station (30) and the 
base station controller (20) is carried out is minimized. 
Thus, a base station system suitable for microcells is 



provided. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a base 
station system carrying out a radio communication with 
automobile telephones, portable telephones, etc., in a 
mobile communication system, and more particularly to 
the form of a base station constituting the base station 
system and covering a cell having a small radius, a so- 
called microcell, and suitable for the microcell. 

Description of the Related Arts 

In a mobile communication system utilizing mobile 
vehicle-carrying communication apparatuses or mobile 
portable communication apparatuses (hereinafter 
referred to generally as mobile stations) typically called 
automobile telephones or portable telephones, a plural- 
ity of radio base stations are placed in a service area 
allowing communications to provide communication 
service. Each radio base station (hereinafter referred to 
simply as a base station) carries out radio communica- 
tion with mobile stations lying within a cell which that 
base station covers. Various inventions have been hith- 
erto filed which pertain to the system structure and 
communication apparatuses such as base station or 
mobile station. The following are examples of such 
applications. 

1. US.Patent No. 4777633 entitled BASE STATION 
FOR WIRELESS DIGITAL TELEPHONE SYSTEM 
filed on August 14, 1987. 

2. US. Patent No. 5276905 entitled MOBILE RADIO 
TRANSMISSION SYSTEM USING PREFERRED 
HOME SERVICE AREA filed on February 7, 1990. 

3. US. Patent No. 5321737 entitled CORDLESS 
TELEPHONE COMMUNICATION SYSTEM HAV- 
ING BASE STATIONS WITH MEMORY FOR 
QUICK ACCESS TO INFORMATION filed on May 
12, 1993. 

Referring now to Fig. 9 of the drawings there is illus- 
trated a schematic configuration of a base station sys- 
tem disclosed in the US Patent No. 4777633. The 
conventional base station system comprises a plurality 
of base stations 1 each carrying out radio communica- 
tion with mobile stations 8, and a base station controller 
10 connected to a service supplier 2 and serving to con- 
trol the plurality of base stations 1. 

The base station 1 includes a plurality of transceiv- 
ers provided for each channel, and consisting of a com- 
bination of a channel control section 3 and an amplifier 
4, a plurality of multiplexers (MUX) 5 distributing infor- 
mation from the base station controller 10 to the trans- 
mitter receivers, a timing control section 6 executing 
timing control of the multiplexers 5, and a radio process- 



ing section 7 carrying out radio communications 
between the transmitter receivers and the mobile sta- 
tions 8. 

The base station controller 10 includes a communi- 

5 cation processing section 1 1 carrying out line communi- 
cation with the service supplier 2 and carrying out 
communication with the base stations, a base station 
control section 12 serving to control base station to 
base station communication, an interface 13 disposed 

10 between the communication processing section 1 1 and 
the base station control section 12, and a plurality of 
echo cancelers 14 corresponding to the MUXs 5 of the 
base station 1 . 

The base station 1 in the conventional base station 

is system having the above configuration distributes multi- 
plexed data sent out from the base station controller 1 0 
to the transmitter receivers by use of the MUXs 5. Each 
transmitter receiver places data into a time slot and car- 
ries out radio communication with a predetermined 

20 mobile station 8 using a TDMA method. The transmitter 
receivers are each able to perform simultaneous com- 
munication with a plurality of mobile stations 8. On the 
contrary, information from the mobile stations 8 received 
by the base station 1 is sent intact to the base station 

25 controller 10 for predetermined processing. The base 
station controller 10 in the conventional base station 
system performs not only line communication process- 
ing associated with the service supplier 2 but also col- 
lective management of communication control 

30 associated with the base station 1 . This means that the 
base station controller 10 takes charge of control of 
radio processing between the mobile stations 8 and the 
base stations 1 . 

In this manner the conventional base station sys- 

35 tern causes the base station controller 10 to execute 
both line communication processing and processing 
involved in radio communications with the mobile sta- 
tions 8. This will result in a configuration of a so-called 
base station controller leading type in which the base 

40 station controller predominates over the base stations. 
For this reason, the scale of the base station controller 
10 configuration is enlarged, resulting in a form of sys- 
tem suited to a wider range of cell, a so-called macro- 
cell, for an automobile telephone system and the like. 

45 Due to its large-scale configuration, the base station 
controller 10 is ordinarily constituted of custom-made 
items. 

In order to ensure application over a wider range 
such as the automobile telephone system, the conven- 

50 tional mobile communication systems elongated the 
radius of a cell that one base station covers. In recent 
years, however, it has become desired to reduce the cell 
radius into a smaller cell, that is, a microcell, and to save 
the power consumed by transmission and reception, so 

55 as to ensure service by the mobile communication sys- 
tem within a restricted range such as underbuilding 
shopping centers and not to interfere with the action of 
the other radio apparatuses. A smaller cell will contrib- 
ute to power saving of each base station, and hence to 
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downsizing of the apparatus. 

However, the conventional base station system has 
a configuration suitable for the macrocell, so that even if 
it is successfully applied to the microcell by reducing the 
specifications of the large-scale system, the line service s 
charge will increase since the base station system col- 
lectively controls the base stations resulting in frequent 
communications between the base stations and the 
base station controller. Because of the fact that the 
number of base stations increases accordingly as the w 
cell radius is reduced, this will impractically lead to an 
even greater line service charge. 

SUMMARY OF THE INVENTION 

is 

The present invention was conceived to overcome 
the above problems. It is therefore an object of the 
present invention to provide a base station system suit- 
able for microcells. Another object is to provide a base 
station system applicable to the microcells by making 20 
use of a base station configuration in the base station 
system suitable for the microcells. 

In order to accomplish the above objects, a base 
station system in accordance with the present invention 
comprises at least one base station having a radio com- 25 
munication processing function for carrying out a radio 
communication with mobile stations, and a base station 
controller for controlling the base station, the base sta- 
tion controller having a line communication processing 
function for performing a network communication. That 30 
is. in mobile communications the present invention has 
concentrated processing functions involved in radio 
communications with mobile stations into the base sta- 
tion, and concentrated processing functions associated 
with network communications, sucbas for example pub- 35 
lie network, into the base station controller, thereby min- 
imizing the number of times of communication between 
the base stations and the base station controller. Thus 
according to the present invention, line service charges 
imposed on communications between the base stations 40 
and the base station controller can be reduced to a min- 
imum, making it possible to provide a base station sys- 
tem suitable for microcells requiring a greater number of 
base stations. 

The base station described above includes at least 45 
one transceiver that performs control and management 
of information to be transmitted or received, high-fre- 
quency distribution and combining means that allow 
information radio communication between the trans- 
ceiver and the mobile stations, communication means so 
that performs communication with the base station con- 
troller, an internal bus that connects the transceiver and 
the communication means, and general control means 
that performs general control of radio communication 
processing. ss 

The base station system further comprises a bus 
coupling means for coupling the internal bus of the base 
station and the internal bus of other base stations, to 
form a base station group. This will lead to an increase 



in the number of the transceivers in the base stations 
constituting one group, which in turn results in an 
increased number of communication channels in the 
base stations. 

Preferably the base station performs communica- 
tion with the base station controller by way of other base 
stations. The base station further includes switching 
means operable to switch paths for communication with 
the base station controller. Preferably the general con- 
trol means serves to perform a switching control of 
whether communication with the base station controller 
is to be performed by use of the communication means 
mounted thereon or by way of another base station. The 
base station group includes high-frequency coupling 
means for coupling the high-frequency distribution and 
combining means possessed by the base stations. 

The base station system further comprises combin- 
ing output means for combining and outputting trans- 
mission information from the plurality of base stations, 
and information distribution means for distributing infor- 
mation from the mobile stations among the base sta- 
tions, whereby an integral base station is formed in 
which the plurality of base stations are mounted in the 
form of radio communication processing means. In 
other words, this invention is so configured that a single 
base station does not actually possess the base station 
functions but merely provides some of the radio commu- 
nication functions which the base station requires. 

That is, a combination of base stations results in a 
single functioning base station. This configuration would 
enable the present invention to be applied to a microcell 
in which a single base station covers a wider range. 

The combined base station includes information 
distribution means serving to distribute information 
received from the mobile stations to other the integral 
base station connected thereto. The combined base 
station also includes base station coupling means serv- 
ing to couple the base stations with one another. 

The base station uses a plurality of communication 
methods at the same time. Preferably the base station 
allows an arbitrary setting of radio frequency used by 
the transceiver, thereby performing simultaneous com- 
munication with the mobile stations by use of different 
radio frequencies. The base station further includes 
testing device connection means that connects testing 
mobile stations for verifying actions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing a first 
embodiment of a base station system in accord- 
ance with the present invention; 
Fig. 2 is a block diagram of a base station controller 
in the first embodiment; 

Fig. 3 is a representation showing a specific exam- 
ple of configuration of the base station controller in 
the first embodiment; 

Fig. 4 is a block diagram of a base station in the first 
embodiment; 
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Fig 5 is a block diagram of a base station group in 

a second embodiment of a base station system in 

accordance with the present invention; 

Fig. 6 is a block diagram of a base station group in 

a third embodiment of a base station system in 

accordance with the present invention; 

Fig. 7 is a view showing a configuration of a frame 

in a fourth embodiment of a base station system in 

accordance with the present invention; 

Fig. 8 is a view showing a configuration of a radio 

communication processing section illustrated in 

Fig. 7; and 

Fig. 9 is a schematic view showing a configuration 
of a conventional base station system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the present invention will 
now be described with reference to the accompanying 
drawings wherein like reference numerals represent like 
parts throughout the several views. 

Embodiment 1 

Referring first to Fig. 1 there is depicted in a sche- 
matic block diagram a first embodiment of a base sta- 
tion system in accordance with the present invention. 
The base station system in this embodiment comprises 
a plurality of base stations 30 carrying out radio commu- 
nication with corresponding mobile stations 8, and a 
base station controller 20 operable to allow a line con- 
nection between PSTN (Public Switched Telephone 
Network) 18 and PBX (Private Branch Exchange) 19 
and a connection to the plurality of base stations 30. 

Referring then to Fig. 2 there is depicted a block 
diagram of the base station controller 20 employed in 
the first embodiment. The base station controller 20 
comprises a power source 21 , a base station connect- 
ing section 22 that allows a connection through a T1 
digital line with each of the base stations 30, a PBX con- 
necting section 23 that allows a connection with the 
PBX 1 9, a line connecting section 24 in the form of an X. 

25 interface that allows a connection through an SS7 
protocol with the PSTN 18. a display section 25 for dis- 
playing a variety of information such as various set val- 
ues and communication information required in the 
base station system, and a control section 26 for con- 
trolling the above-described sections. The base station 
controller 20 in this embodiment is implemented by a 
general personal computer. It is therefore to be appreci- 
ated that the display section 25 and the control section 

26 correspond to a CRT and a CPU, respectively. It is 
natural, although not shown, that the controller 20 also 
be provided with an input device including a keyboard 
and an external storage device such as a magnetic disk. 
The connecting sections 22, 23, 24 can be implemented 
by existing interfaces. A more specific configuration of 
the base station controller 20 is illustrated by way of 



example in Fig. 3. 

Referring now to Fig. 4 there is depicted a block dia- 
gram of the base station 30 employed in the first embod- 
iment. The base station 30 comprises a terminal section 

5 32, transceivers 34, and a controller connecting section 
36, these being connected by an internal bus 38 with 
one another. The terminal section 32 has a physical 
connector. The transceivers each 34 perform a control 
and management of information to be transmitted or 

10 received. Although in Fig. 4 the base station 30 is 
shown equipped with four transceivers 34, at least one 
transceiver will suffice. Alternatively, more than four 
transceivers may be provided. More specifically four 
slots are provided for the transceivers 34 so as to allow 

is arbitrary addition or replacement of the transceiver 
units. Also the arrangement in which the transceivers 34 
are connected to the internal bus 38 will facilitate such 
work for the addition or replacement. In the case of a 
configuration in which all of the four transceivers 34 

20 employ as a communication method a time division mul- 
tiple access (TDMA) method including three transmis- 
sion time slots per frame, a single base station 30 will 
allow twelve (12) communication channels to be simul- 
taneously provided. The transceiver 34 in this embodi- 
es ment comprises a transmitter/receiver section 42 
intended to distribute and combine data for the trans- 
mission and reception at a predetermined radio fre- 
quency and using a predetermined communication 
method, and a logical control unit 48, including an echo 

30 canceler 44 and a voice coder/decoder 46. for control- 
ling TDMA signal frame formation and controlling the 
transmitter/receiver section 42 in response to a connec- 
tion demand from a mobile station. The logical control 
unit 48 has an interference detection ability which ena- 

35 bles channels subjected to any interference to be auto- 
matically detected during the reception of radio waves 
from the mobile station 8, and a list indicating available 
channels is created. The details of the communication 
method and of the radio frequency to be used will be 

40 described later. The controller connecting section 36 is 
communication means for carrying out communication 
with the base station controller 20 and includes a clock 
generator 50 and an oscillator 52. Since this embodi- 
ment employs a T1 standard digital line, it is natural that 

45 the controller connecting section 36 be an interface in 
conformity with the T1 standard. The base station 30 
further comprises a power source section 40, a high-fre- 
quency section 54 connected to all the transceivers 34 
and acting as high-frequency distributing and combining 

50 means for carrying out radio communication with the 
mobile station 8, and a base station main control unit 56 
acting as integrative control means for performing inte- 
grative control of various processing such as radio com- 
munication processing to be performed in the base 

55 station 30. The base station 30 having the above config- 
uration has such dimensions that it can be hung on the 
wall. It should be noted that a cell radius in this embod- 
iment is assumed to be in the order of 1 00 meters or 
less. 
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Typical base station systems have, as functions 
indispensable for mobile communications, a radio com- 
munication processing function for carrying out a radio 
communication with the mobile stations 8. and a line 
communication processing function for executing a net- 5 
work communication with the PSTN 18 or the like. As 
shown in the above configuration the base station sys- 
tem in this embodiment is characterized in that the ele- 
ments necessary for the radio communication with the 
mobile stations 8 are concentrated into the base station <o 
30. In other words, the radio communication processing 
function is designed to be exclusively implemented by 
the base station 30. not by the base station controller 
20. On the contrary, the line communication processing 
function is designed to be exclusively implemented by 15 
the base station controller 20. not by the base station 
30. This is due to the fact that the provision of the base 
station main control unit 56 enables the base station 30 
to implement the radio communication processing func- 
tion by itself without being controlled by the base station 20 
controller 20. Such distribution of the functions will min- 
imize the amount of information to be transmitted or 
received between the base station 30 and the base sta- 
tion controller 20. Accordingly even though the number 
of the base stations 30 increases with a recent tendency 25 
toward a reduction in the cell radius, the number of 
times the line between the base station 30 and the base 
station controller 20 is utilized can be minimized, result- 
ing in prevention of a rise in charge due to frequent line 
service. 30 

This will also ensure a reduction in dimensions and 
functions of the base station controller 20 since there is 
no need to perform the radio communication.processing 
which has been hitherto required. Thus the base station 
controller 20 can be realized by a general purpose com- 35 
puter as stated hereinabove. It is to be noted that the 
mobile station can be a conventional one. 

Description will be given of an action of the first 
embodiment. 

A procedure for a channel connection will be first *o 
explained. When a mobile station 8 issues a call setting 
demand, a base station 30 covering a cell in which that 
mobile station 8 is located notifies a base station con- 
troller 20 to that effect. On the basis of control informa- 
tion including the call setting demand, the base station 45 
controller 20 retrieves subscribers' information and the 
like associated with the mobile station 8 and then allows 
a connection to a telephone line. In the case of the U.S. 
automobile telephone system, for instance, the base 
station controller 20 accesses IS-41 (a database con- so 
taining positional information on automobile telephone 
and subscribers' information) via a PSTN to receive 
information associated with the mobile station 8 and 
executes the channel connection. Once a channel con- 
nection is established, any communication associated 55 
with the radio communication conducted between the 
mobile station 8 and the base station 30 will no longer 
be made between the base station 30 and the base sta- 
tion controller 20 unless the mobile station 8 moves out 



of the cell in which it is currently located. When the 
mobile station 8 moves out of the cell in which it is cur- 
rently located, the base station 30 covering the cell 
which has included the mobile station 8 so far will notify 
the base station controller 20 to that effect. The base 
station controller 20 performs a control to switch the 
base stations 30. In the case where the base station 
system has received a line disconnection demand, the 
base station controller 20 will carry out predetermined 
processing to disconnect the telephone line. 

It is to be appreciated for this embodiment that the 
processing such as line connection and disconnection 
to be performed in the base station system is the same 
as in the conventional system, and that the actions of 
respective devices are also substantially the same as 
those of the conventional system. The feature of this 
embodiment lies in that unless the mobile station 8 
moves out of the cell in which it is currently located, any 
communication associated with the radio communica- 
tion conducted between the mobile station 8 and the 
base station 30 is not made between the base station 
30 and the base station controller 20. This means that in 
this embodiment the processing to be performed by the 
base station 30 can be done within that base station 30 
in a closed manner. Irrespective of increased number of 
cells attendant on the reduction in cell size, this will min- 
imize a rise in line service charge which may be caused 
by frequent communications between the base station 
30 and the base station controller 20. Also the base sta- 
tion 30 is provided with the elements necessary for the 
processing to be performed in the base station 30, 
thereby enabling the base station controller 20 to be 
constituted by a commercially available computer with- 
out needing any specific configuration. 

Although the base station system of this embodi- 
ment has been applied to a public network for illustrative 
purposes only, it is naturally applicable to a private sys- 
tem for enterprises and the like. Only a single base sta- 
tion controller 20 is illustrated in Fig. 1 but instead a 
plurality of base station controllers 20 may be provided 
each connecting to a PSTN or the like. 

Embodiment 2 

The above-described first embodiment employed a 
system configuration in which one base station carrying 
thereon four transceivers is installed within a service 
area. As stated hereinabove, the number of transceiv- 
ers to be mounted is not specifically limited in the above 
embodiment. However one of the features of the base 
station in the first embodiment lies in that it is of a suffi- 
ciently small size to be hung on the wall, and hence it is 
not preferable to increase the number of transceivers to 
be mounted unduly. 

A feature of second embodiment of the present 
invention is therefore to increase the number of trans- 
ceivers to be installed within each cell by interconnect- 
ing the base stations Therefore, although a plurality of 
base stations are linked together, they will constitute 
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substantially a single base station. It may also be envis- 
aged that the plurality of base stations thus linked 
together form a single cell. 

Referring now to Fig. 5 there is depicted a configu- 
ration of two base stations coupled together in the sec- 5 
ond embodiment. One base station 30 is designated by 
the same reference numeral since it has the same con- 
figuration as in Fig. 4. The other base station 1 30 cou- 
pled with the base station 30 also has a similar 
configuration but is prefixed with 100. This embodiment io 
is characterized by the provision of a connection cable 
58 serving as bus connection means for coupling inter- 
nal buses 38 and 138 together to thereby interconnect 
the two base stations 30 and 130. In Fig. 5 the terminal 
sections 32 and 132 having physical connectors are is 
coupled with each other, whereby a plurality of base sta- 
tions can form a base station group allowing more trans- 
ceivers to be mounted and hence more communication 
channels to be set. 

This configuration would enable the base station 20 
1 30 to communicate with the base station controller 20 
by way of two different paths. 

Firstly available is a path making use of its own con- 
troller connecting section 136 by means of which infor- 
mation is directly transmitted to or received from the 25 
base station controller 20. Secondly available is a path 
utilizing the connection cable 58 through which the con- 
troller connecting section 36 disposed within the other 
base station 30 transmits and receives information to 
and from the base station controller 20. In the case of 30 
the second path, the controller connecting section 136 
is substituted by the controller connecting section 36 in 
the base station 30 for the execution of a data commu- 
nication with the base station controller 20, with the 
base station 30 delivering data via tha internal bus 38 35 
and connection cable 58 to the base station 130. The 
base station main control unit 1 56 controls switching of 
which path to select. At that time, it is necessary for the 
base station main control unit 156 to issue a command 
for control of the controller connecting section 36 to the 40 
base station main control unit 56 of the base station 30. 
Also the base station 130 must be provided with switch 
means for switching the data transmission paths. The 
connection of the base station 130 with only one base 
station 30 would necessitate a change-over switch 45 
between the base station 30 and the controller connect- 
ing section 136. 

Such a provision of two different paths would 
ensure, even if any abnormality occurs on either path, 
communication with the base station controller 20 by 50 
way of the other path. Although the above description 
has been given of the case where the base station 130 
has two paths, if the two base stations are on equal 
terms with each other, the base station 30 will also 
undergo the same action. 55 

Turning to a configuration illustrated in Fig. 5, if the 
base station 130 only uses the second path, namely the 
pass via the base station 30. the production cost for the 
base station 130 will be curtailed since the base station 



130 can exclude the controller connecting section 136, 
the base station main control unit 156, and the terminal 
section 1 32. The base station group in this case leads to 
a form in which use is made of only the slots of the 
transceivers 1 34 in the base station 1 30. Furthermore it 
is unnecessary for the base station main control unit 56 
to perform any processing pertaining to path selection. 

In this configuration, data which the base station 
130 has accepted from the mobile station 8 is sent 
through the high-frequency section 154, the transceiv- 
ers 134, the internal bus 138 and the connection cable 
58 to the base station 30 where the data is further fed 
through the internal bus 38 and the controller connect- 
ing section 36 to the base station controller 20. Data 
from the base station controller 20 are transmitted 
through the opposite path to the mobile station 8. 
Actions other than this in the base station system are 
the same as in the first embodiment and will not be fur- 
ther explained. 

As discussed above, the interconnection of a plural- 
ity of base stations will ensure setting of even more 
communication channels. Also, the base station group 
can be easily formed by the mere addition of a simple 
configuration including the connection with the connec- 
tion cable 58, providing a base station system having a 
good extensibility. 

Although in the above embodiment a case has 
been described where a couple of base stations 30 and 
130 form a single base station group, the latter may be 
constituted of a greater number of base stations. In this 
case a change-over switch is required which is switcha- 
ble between the controller connecting section within one 
base station and at least one other base station. It is 
merely a matter of design to decide which base station 
has a switching control mechanism like the base station 
1 30 in the above embodiment. 

In the above description a plurality of base stations 
formed a single station group which was in turn 
regarded as a single base station. It is however possible 
to use the plurality of base stations as individual base 
stations by connecting the base stations 30 and 1 30 in 
series with the base station controller 20 by means of an 
elongate connection cable 58. 

Embodiment 3 

Referring to Fig. 6 there is depicted a configuration 
of another embodiment of a base station group in a 
base station system according to the present invention. 
The base station group of this embodiment is character- 
ized by the provision of a high-frequency coupler 60 
serving as high-frequency coupling means for coupling 
together the high-frequency sections 54 and 154 
respectively possessed by the base stations 30 and 
130. As is apparent from Fig. 6 the base station in its 
entirety includes one transmitting antenna and two 
receiving antenna (diversity). This configuration will 
enable antennas possessed by the base stations 30 
and 130 to be shared, resulting in a reduction in the 
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number of antennas. 
Embodiment 4 

In the above embodiments, a system form suitable 
for a microcells'has been provided by concentrating into 
a base station the elements for implementing the func- 
tions to be performed by the base station. This embodi- 
ment is capable of providing a base station system also 
suited to macrocells by forming an integral base station 
including a plurality of base stations appropriate for the 
microcell. It is to be noted that in the above embodi- 
ments the radius of a microcell was assumed to be in 
the order of 100 meters or less, whereas in this embod- 
iment the radius of microcell was assumed to be in a 
range from several kilometers to ten (10) kilometers. 

In general, base stations are arranged within a 
service area and a single base station forms a single 
cell. Although this embodiment makes direct use of the 
base station set forth in the above embodiments without 
being substantially modified, that base station is no 
longer to be referred to as a proper base station in terms 
of the concept of the above-described base station, 
since this integral base station uses the base station set 
forth in the above embodiments merely as means for 
executing radio communication processing. Therefore, 
in spite of having the same configuration, the base sta- 
tion set forth in the above embodiments will be referred 
to as a radio communication processing section which 
is means for executing radio communication process- 
ing. In order to avoid any confusion, the integral base 
station is referred to as a frame. 

Referring now to Fig. 7 there is depicted a configu- 
ration of a frame in this embodiment. The frame 62 com- 
prises, as its data transmission means, power amplifiers 
66 for amplifying a transmitting power for transmission 
information derived from the radio communication 
processing sections 64 acting as the radio communica- 
tion processing means, combiners 68 serving as com- 
bining output means for combining and sending the 
transmission information, received via the amplifiers 66, 
from the plurality of radio communication processing 
sections 64, and a band pass filter (BPF) 70 for eliminat- 
ing unnecessary frequency components from the output 
of the combiners 68 for sending to the transmitting 
antenna. In Fig. 7 the number of amplifiers 66 corre- 
sponds to the number of transceivers included in each 
radio communication processing section 64, but instead 
may correspond to the number of radio communication 
processing sections 64. Alternatively, each frame 62 
may have only a single amplifier 66. 

The frame 62 comprises, as its data reception 
means, distributors 72 that serve to distribute informa- 
tion received from the mobile station among the radio 
communication processing sections 64. As illustrated in 
Fig. 7 the frame 62 may comprise multiple couplers 74 
acting as information distribution means that distribute 
the information received from the mobile station to the 
other frames, thereby providing a connection of the 



frame 62 with the other frames. In this case the other 
frames (second and third frames in Fig. 7) need not be 
mounted with the receiving antennas. Due to the 
employment of a diversity system, the reception means 

s of the frame 62 has a duplex configuration of the distrib- 
utors 72 and of the multiple couplers 74. The base sta- 
tions in the above embodiments were all of wall-hanging 
type, whereas the base stations applied to the macro- 
cell as in this embodiment are of self-supporting type 

jo mounted with power amplifiers. 

Referring to Fig. 8 there is depicted a configuration 
of the radio communication processing section 64 
shown in Fig. 7. In Fig. 8 the elements identical to those 
of the base station illustrated in Fig. 4 are designated by 

is the same reference numerals. The radio transmission 
processing section 64 has a. configuration allowing 
transmission signals from the transceivers to be fed 
directly to the amplifiers. The inputs from the distributors 
are received by the high-frequency section 54. 

20 Description will now be given of the action of this 
embodiment. The radio communication processing sec- 
tion 64 in the frame 62, upon receipt of information from 
the base station controller 20. generates transmission 
information. Thus the generated transmission informa- 

25 tion is amplified by the amplifiers 66 and is sent via the 
combiner 68 and BPF 70. The amplification of the trans- 
mission information by the amplifiers 66 will enable 
radio waves carrying it to be delivered over a wider 
range. 

30 The distributors 72 each serve to distribute signals 
received by the two antennas among the four radio 
communication processing sections 64. Each radio 
communication processing section 64 further distrib- 
utes the received signal among the transceivers 34. 

35 Then the radio communication processing section 64 
sends the information from the mobile station which has 
been decoded by means of the transceivers 34 to the 
base station controller 20. However, provided that the 
information is associated with radio communication 

40 conducted between a mobile station and the frame 62, 
the radio communication processing section 64 is not 
required to send the information to the base station con- 
troller 20 unless the mobile station 8 moves out of the 
cell in which it is currently located. 

45 In this manner, by employing an integral configura- 
tion having a plurality of base stations mounted therein 
suitable for microcells, there can be provided a base 
station system applicable to any macroceHs. 

so Embodiment 5 

The frame 62 in this embodiment is characterized 
by the provision of a connection cable 1 58 functioning 
as base station coupling means for coupling the radio 
55 communication processing sections 64 together as 
shown in Fig. 7. This will ensure the same effect as 
described in the second embodiment. The action of this 
embodiment results in a combination of the actions in 
the second and fourth embodiments, and hence will not 



7 



13 



EP0 771 127 A2 



14 



be further explained. 
Embodiment 6 

The base stations in the above embodiments 5 
(including the radio communication processing sections 
in the fourth and fifth embodiments) have carried out 
communication with the mobile stations on TDMA 
method, but alternatively the transceivers may use an 
analog communication method. It is also possible for the 10 
respective transceivers 34 included in a single base sta- 
tion 30 to individually use either the TDMA method or 
the analog method. The logical control unit 48 of each 
transceiver 34 is so set as to be operable using either 
communication method and the base station main con- is 
trol unit 56 tends to control the individual transceivers 
34 on the basis of thus the set respective communica- 
tion methods. This will enable a single base station 30 
to deal with different communication methods. 

Although the above description has been given of a 20 
combination of the two different communication meth- 
ods, that is, the TDMA method and the analog method, 
any combination of other communication methods such 
as, for example, an FDMA method and CDMA method 
or any combination of more than three communication zs 
methods is also possible. At the expense of reduction in 
size of the base station to some extent, it is also possi- 
ble to configure each transceiver 34 so as to be opera- 
ble with a plurality of communication methods. 

30 

Embodiment 7 

The base station system conducts communication 
at a predetermined radio frequency, for example, 1.9 
GHz. This can be implemented by incorporating a unit 35 
operable at 1 .9 GHz into the transmitter/receiver section 
42 of the transceiver 34 in advance. Therefore the fea- 
ture of this embodiment lies in that units operable at dif- 
ferent radio frequencies are previously incorporated into 
the transmitter/receiver section 43 in the base station 30 40 
thereby allowing for communication at any arbitrary 
radio frequency. Thus the above configuration of this 
embodiment will make it possible to carry out simultane- 
ous communication with a plurality of mobile stations 
using different radio frequencies. The unit can be pro- 45 
vided for each transmitter/receiver section or for each 
transceiver. 

Although the above description has been given of 
an example where a unit operable at a single radio fre- 
quency is incorporated into each transceiver 34, so 
another unit operable at a plurality of radio frequencies 
may be incorporated into one transceiver at the 
expense of downsizing of the base station to some 
extent. 

ss 

Embodiment 8 

The base station in this embodiment has the same 
configuration as that of the base station 30 illustrated in 



Fig. 4 and is characterized by further including a testing 
connection section serving as testing device connecting 
means to connect testing mobile stations for verifying 
the action of the base station system. The testing con- 
nection section, not shown in Fig. 4, serves to connect 
the testing mobile stations by way of connectors dis- 
posed on the terminal sections 32 in the same manner 
as the base station controller 20. The testing mobile sta- 
tions have functions equivalent to those of ordinarily 
used mobile stations but are connected by lines and 
operate under the control of the base station controiler 
20 or the control of the base station controller 20 and 
the base stations 30. 

A test of the base station system will be made as 
follows. 

The base station controller 20 first transmits test data 
via the base station 30 to the testing mobile station. The 
base station controller 20 is constituted of a general pur- 
pose personal computer as stated earlier and hence is 
capable of easily executing a test program which has 
been prepared in advance. The base station controller 
20 then receives data returned from the testing mobile 
station and compares the actually received results with 
expected answer results, thereby making it possible to 
verify the action of the base station 30 to which the test- 
ing mobile station has been connected and therefore 
the overall action including that of the base station con- 
troller 20. 

The testing mobile station also has the same inter- 
ference detection ability as that of the logical control unit 
48 and is able to detect any interference upon the 
reception of radio waves sent out from the other base 
stations to which that testing mobile station has not 
been connected. 

Thus by virtue of the provision of the testing con- 
nection section, the base station in this embodiment will 
allow the execution of a variety of tests. 

According to the embodiments described above 
there can be provided a base station system suited to, 
for instance, a portable telephone system providing a 
service over a relatively restricted range such as under- 
building shopping centers. Furthermore it is possible to 
provide a base station system applicable also to, for 
instance, an automobile telephone system providing a 
wider range of service for outdoor use. 

Claims 

1 . A base station system comprising: 

at least one base station having a radio com- 
munication processing function for carrying out 
radio communication with mobile stations; and 
a base station controller for controlling said 
base station, said base station controller hav- 
ing a line communication processing function 
for performing a network communication. 

2. A base station system according to claim 1, 
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wherein 

said base station includes: 

at least one transceiver that performs control 
and management of information to be transmit- 
ted or received: 

radio frequency distribution and combining 
means that allows information radio communi- 
cation between said transceiver and said 
mobile stations; 

communication means that performs a commu- 
nication with said base station controller; 
an internal bus that connects said transceiver 
and said communication means; and 
integrative control means that perform integra- 
tive control of radio communication processing. 

3. A base station system according to claim 2, further 
comprising: 

bus coupling means for coupling said internal 
bus of said base station and said internal bus of 
other said base station to form a base station 
group. 

4. A base station system according to claim 3, 
wherein 

said base station performs communication 
with said base station controller by way of another 
base station. 

5. A base station system according to claim 3, 
wherein 

said base station further includes switching 
means operable to switch paths for communication 
with said base station controller; and wherein 

said integrative control means serves to per- 
form switching control of whether communication 
with said base station controller is to be performed 
by use of said communication means mounted 
thereon or by way of another base station. 

6. A base station system according to claim 3 wherein 

said base station group includes radio fre- 
quency coupling means for coupling said radio fre- 
quency distribution and combining means 
possessed by said base stations. 

7. A base station system according to claim 1, further 
comprising: 

combining output means for combining and 
outputting transmission information from said 
plurality of base stations: and 
information distribution means for distributing 
information from said mobile stations among 
said base stations. 

whereby an integral base station is formed in 
which said plurality of base stations are 



mounted in the form of radio communication 
processing means. 

8. A base station system according to claim 7. 
5 wherein 

said integral base station includes informa- 
tion distribution means serving to distribute infor- 
mation received from said mobiie stations to 
another integral base station connected thereto. 

to 

9. A base station system according to claim 7, 
wherein 

said integral base station includes base sta- 
tion coupling means serving to couple said base 
is stations with one another. 

10. A base station system according to claim 1, 
wherein 

said base station uses a plurality of commu- 
20 nication methods at the same time. 

11. A base station system according to claim 2. 
wherein 

said base station allows an arbitrary setting 
25 of radio frequency used by said transceiver, thereby 
performing simultaneous communication with said 
mobile stations by use of different radio frequen- 
cies. 

30 12. A base station system according to claim 1. 
wherein 

said base station further includes testing 
device connection means that connects testing 
mobile stations for verifying actions. 

35 
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